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Abstract 
Evaluate and study Wushan County slope stability to provide decision-making basis for urban planning and design. 
Supported by MAPGIS software, Wushan County slope stability evaluation information system was researched and 
developed to achieve the automated process of slope stability evaluation from input of basic data to the output of 
evaluation results. Functions provided by the system include data input and output, data query, evaluation database 
generation, evaluation model parameter calculation, evaluation model calculation, and evaluation result mapping. The 
paper analyzed the factors affecting Wushan County slope stability, and concluded several affecting factors including 
lithology, geological structure, groundwater and topography. The study area was divided into 14,450 units by 10m × 
10m grid, and a Logistic regression model was built with factors affecting landslide as independent variables, and 
information of landslide sections as dependent variable. Cluster analysis was conducted on the P value in Logistic 
regression results of the 14,450 grid units to achieve site stability evaluation. Evaluation results were: the stability 
zone accounts for 9.51% of the site area, potentially stable zone for 61.11%, potentially unstable zone for 17.52%, 
and unstable zone for 11.86%. Evaluation results are in line with the actual situation of the study area, which can 
provide geological basis for the decision-making of relevant departments. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
 
keywords: GIS; Slope stability; Evalation; Information system; Wushan 
                                                          
* Corresponding author. Tel.: +0-086-13407101758. 
E-mail address: lixp@cug.edu.cn. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
2297Xue Ping Li and Shun Ping Zhou / Procedia Engineering 29 (2012) 2296 – 23022 Author name / Procedia Engineering 00 (2011) 000–000 
1. Introduction 
 Landslide is one of the main mountainous disasters, featured by wide distribution, frequent occurrence 
and fast devastation, causing great harm to the economic development of mountainous areas. Landslide 
has characteristics different from earthquakes, floods, hurricanes or other natural disasters, as it has more 
extensive distribution and causes greater damage to properties. A lot of losses and a significant proportion 
of deaths caused by earthquake and heavy rains are due to the resulting landslides and mudslides. In many 
developing regions, slope instability is a sustained and long-term problem harmful to social and economic 
structure [1].  
Over the past 10 years, GIS technology has provided a powerful tool for the spatial analysis of 
landslide hazard evaluation, and GIS-related research results also keep emerging in large quantities. 
Currently, the key of landslide hazard evaluation lies in the joint acquisition, processing and analysis of 
relevant spatial data by GIS experts, statisticians and geological workers, as well as the development of 
highly reliable evaluation models. 
Wushan County is located in the central part of Three Gorges Reservoir section, with bank-up water 
level of 175.4m after impoundment. When the reservoir stores water, most areas are submerged except for 
some residential areas on the North Gate Slope. Topographic and geologic conditions on both sides of 
Wushan County are very complicated, with frequently occurring landslides and mudslides, so evaluation 
of the country slope stability is a safety guarantee for the urban infrastructure. 
2. Introduction to Spatial Prediction Methods for Landslides 
International regional landslide hazard assessment and mapping studies have had a history of more 
than 20 years, and achieved remarkable process in recent years. There are various evaluation and mapping 
methods, and the number of evaluated regions also has increased significantly. Landslide hazard 
assessments conducted in various ways all aim to mitigate the disasters. Many methods have been 
successful in indentifying the potential risks and dangers of landslides, and are playing a growing role in 
disaster mitigation. 
Landslide spatial prediction is mainly to determine the combination of factors favorable for landslides 
by analyzing landslide conditions, predict the prospective possibility of landslides in the region or a 
certain section of slope according to the combination of such favorable conditions, and delineate the range 
prone to landslides and deformation. Theoretical foundation of landslide prediction is engineering geology 
analogy, and the principle is based on the assumption that similar engineering geological environment 
may have similar landslides. It is a process from qualitative analog to quantitative analog. 
Methods for spatial prediction and evaluation of landslide hazard can be summarized as statistical 
methods, sensitivity mapping method, information volume method and a variety of empirical methods. All 
landslide prediction theories are based on landslide mechanism analysis and the combination of favorable 
factors, so all evaluation methods share one thing in common: they fully take into account the 
superposition role of various geological and environmental factors to evaluate the possibility of landslides 
in a specific geological environment so as to delineate a relatively unsafe “dangerous zone” in the 
landslide-risky areas. Despite the different ways of superimposition in the evaluation process, all the 
results are usually represented by prediction zoning map. Landslide prediction is characterized by mutual 
convergence and penetration of a variety of theories. All kinds of modern theories, such as information 
theory, system theory and fuzzy mathematics are combined with computer technology to be used in 
landslide spatial prediction, such as system analysis method, information volume method, expert 
systematic forecasting method, neural network method, etc. 
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Logistic regression model is a statistical analysis method often used in regression analysis of 
dichotomous dependent variables (the dependent variable y only takes two values) [2]. Different from 
linear regression, Logistic regression is a nonlinear model. Commonly used parameter estimation method 
is maximum likelihood estimation. Logistic regression method can have regression modeling for 
categorical dependent variables and categorical independent variables (or continuous independent 
variables, or mixed variables), with standards for the testing of regression models and regression 
parameters, which provides results in the form of probability of events. As the model is nonlinear, 
maximum likelihood estimation method is adopted for coefficient estimation, which has to be completed 
by means of iterative calculation. Without the help of computers, the estimation is almost impossible. 
Coupled by the fact that geological conditions are related to both their own conditions and the geographic 
location, the processing of geological data involves input of raw data, mapping of results data, and 
classification of data in multiple forms. GIS technology provides us with a solution to all the problems[3]. 
3. Wushan County Slope Stability Evaluation Information System 
3.1. System Overview 
Wushan County slope stability evaluation information system is a topic-specific application-oriented 
information system with GIS technology as the technical support used to address slope stability 
information management and technical issues related to spatial prediction. The system starts from the 
effective acquisition, storage, query and processing of spatial data information, and provides slope 
stability zoning results and decision-making services for urban planning and design departments, and 
construction units. 
3.2. System Functions 
The system has achieved the automated process of slope stability evaluation from input of basic data to 
the output of evaluation results. Functions provided include data input and output, data query, evaluation 
database generation, evaluation model parameter calculation, evaluation model calculation, and evaluation 
result mapping. 
• Data input and output function mainly uses the input subsystem and output subsystem functions of 
MAPGIS platform for input of geological data and output of slope stability evaluation results. 
• Data query function mainly uses database management subsystem of MAPGIS platform to achieve 
query function from graphics to data and vice versa on the basis of the establishment of slope stability 
evaluation databases. 
• Evaluation database generation function is to conduct secondary development on MAPGIS secondary 
development platform and evaluation unit zoning according to the to-be-evaluated site size, extract 
unit data attribute, and generate slope stability evaluation databases. 
• Evaluation model calculation. The system has mainly researched and developed Logistic regression 
model for slope stability spatial evaluation, and achieved slope stability evaluation zoning calculation 
supported by slope stability evaluation databases and evaluation parameters on the MAPGIS 
secondary development platform. 
• Evaluation result mapping function: the system has achieved multi-level mapping of evaluation results 
on MAPGIS secondary development platform. 
3.3. Overview of the Study Area and Selection of Affecting Factors 
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3.3.1.  Overview of the study area 
New site of Wushan County is located in the center of Three Gorges Reservoir. The majority of the 
city has been drowning after the reservoir has impounded. New area lies in geographical structure 
complicated area. The bedrock include limestone of Jialing River’s fourth segment under the Trias system 
(T1j4); grey marl of Badong’s first segment (T2b1); purple mudstone of the second segment (T2b2); grey 
argillaceous limestone of the third segment(T2b3). 
3.3.2. Selection of affecting factors 
Slope stability is affected by lithologic combination, rock occurrence, slope, slope height, groundwater 
and other internal factors on the one hand, while on the other hand, it is also affected by rainfall, human 
activities and other external factors.
Exposed bedrocks in the test area include T1j4, T2b1, T2b2, T2b3. T1j4 limestone has the highest intensity, 
falling into hard rocks; T2b1 and T2b3 limestone and argillaceous limestone have medium strength, falling 
into semi-hard rocks; T2b2 mudstone has low intensity, falling into semi-hard or soft rocks.
For groundwater depth categories, first use groundwater depth single factors to build a Logistic 
regression model with historical occurrence of landslides as the dependent variable and groundwater 
depth as the independent variable, divided by 2m spacing. According to the regression coefficient, the 
depths are clustered into four categories—≤ 4m, 4-6m, 6-10m and > 10m. 
The nearest affecting tectonic line distance is considered as the geological factor. The calculation is as 
follows: make each tectonic line above grade 4 in the test area go through Logistic regression, and select 
tectonic lines according to the related coefficients R. In this paper, the ultimate limit R for such selection 
of tectonic lines is 0.1, and all the results thus obtained are stored as affecting tectonic lines. Method for 
calculation of distance from the nearest affecting tectonic line is to find the nearest affecting tectonic line 
distance from each grid unit. According to clustering of Logistic regression coefficients of single factors, 
affecting tectonic line distance is divided into ≤ 61m, 61-122m, 122-183m and >183m. Selection and 
classification of specific factors are shown in Table 1. 
Table 1. Influencing factors and classification  
Landslide factor Expression classification 
Gradient/(0) X1 ≤10, 10-15, 15-20, 20-25, 25-30, 30-35, 35-40, >40 
Elevation/(m) X2 ≤150, 150-200, 200-250, 250-300, 300-350, 350-400, 400-450, 450-500, >500 
Slope direction/(0) X3 315-45, 45-90, 90-135, 135-180, 180-225, 225-270, 270-315 
Lithologic character X4 T1j4, T2b1, T2b2, T2b3 
Slope shape X5 Consequent slope 1(β<α), consequent slope 2(β>α), reverse slope, tangential slope 
Groundwater depth/(m) X6 ≤61, 61-122, 122-183, >183 
The distance to the closest 
tectonic line/(m) 
X7 ≤4, 4-6, 6-10, >10 
3.4. Establishment of Slope Stability Evaluation Databases 
3.4.1. Establishment of graph databases 
3.4.1.1. Collect data of the study area and carry out screening and sorting 
The data is classified into two categories—spatial data and attribute data according to physical 
description. Spatial data has several forms of expression—point, line and plane. For example, landslide 
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point, elevation point and other points are point graphical elements; topographic contour line, water line 
and other lines are line graphical elements; lithologic distribution, distribution of vegetation types and 
others are plane graphical elements. Attribute data describes the physical characteristics, mostly text-
based, such as elevations, lithology, fault occurrence and so on. 
3.4.1.2. Hierarchical management of spatial data 
According to their elemental characteristics, spatial data are broken down into basic element layers 
with single attribute, such as water, terrain contour, geological point, legend and other layers. In order to 
effectively manage and use spatial data, a set of spatial data with similar pixel attribute are put in the same 
graphic layer, so that a graphic layer will have structures of the same attribute. 
3.4.1.3. Vectorization of grid maps 
can-generated grid maps are converted to vector graphic elements, and stored in the database after 
processed with MAPGIS software in the form of point, line and plane file format. The study area adopts 
automatic vectorization combined with interactive vectorization. 
3.4.2. Establishment of attribute databases 
Slope stability evaluation attribute databases include two parts—graphic element attribute database and 
add-in attribute database. Graphic element attribute database is implemented in MAPGIS editing. Add-in 
attribute database is to directly input in spatial database system, in which the uniform number is the sole 
key field for the link between the point element of landslide hazard survey points and add-in attribute 
database[4]. 
3.4.3. Study area data layer 
The study area data layers include lithologic distribution data layer, tectonic type data layer, contour 
data layer, terrain type data layer, groundwater depth data layer and landslide distribution data layer. 
4. Evaluation Results 
4.1. Results of Logistic Regression Model 
Based on the selection of the above factors, the whole area is divided into 14,450 grid units by 10m╳
10m grid, in which sections where landslides have already occurred take up 1,705 units, accounting for 
11.8% of the whole area. The detailed result is showed as table 2. 
Table 2. Logistic regression coefficient β 
expression X1=1 X1=2 X1=3 X1=4 X1=5 X1=6 X1=7  
β 0.1998 0.5281 0.4245 0.5732 0.3355 0.4091 0.3877  
expression X2=1 X2=2 X2=3 X2=4 X2=5 X2=6 X2=7 X2=8 
β 0.1342 -0.0125 0.0104 -0.1567 -0.8734 -0.8867 -0.5341 -0.0038 
expression X3=1 X3=2 X3=3 X3=4 X3=5 X3=6   
β -0.0457 0.2684 0.2881 0.1304 0.0855 0.1601   
expression X4=1 X4=2 X4=3      
β 1.6078 0.5731 0.8975      
expression X5=1 X5=2 X5=3      
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β 0.6641 0.2279 0.3996      
expression X6=1 X6=2 X6=3      
β 0.5139 0.3386 0.1993      
expression X7=1 X7=2 X7=3      
 β 0.7837 0.5889 0.2771      
(β0 is -4.3583) 
4.2. Slope Stability Evaluation Results 
Incorporate the factors affecting slope stability in each grid unit into the formula (1) to obtain Logistic 
regression slope stability evaluation P value of each unit. P values of each grid unit are subject to 
clustering analysis to achieve slope stability zoning. The paper finally divides Wushan County slope 
stability into four categories, and boundaries for P values are shown in Table 3. Compare each P value and 
the table on zoning boundaries for P values of slope stability, and draw slope stability zoning graph with 
the system’s mapping function, as shown by Figure 1. In the figure, Class I is stability zone, Class II is 
potentially stable zone, Class III is potentially unstable zone, and Class IV is unstable zone. 
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Table 3. Landslide risk limit table 
Zoning category zoning limit 
I (stability zone) 0.042-0.112 
II (potentially stable zone ) 0.112-0.167 
III (potentially unstable zone ) 0.167-0.255 
IV (unstable zone ) 0.255-0.551 
 
 
Fig. 1. Wushan County slope stability zoning 
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5. Conclusion 
Logisrtic regression results show that the region between slope 150-300 range, within 300m height, 
south-facing slope, lithology T2b1 and T2b3, dip slope 2 (β> α) and tangential slope, groundwater depth 
<4m, and within 60m away from affecting tectonic line is a landslide-prone region in the site. This 
conclusion is consistent with the field geological survey. 
From the evaluation results, the stability zone accounts for 9.51% of the site area, potentially stable 
zone for 61.11%, potentially unstable zone for 17.52%, and unstable zone for 11.86%. Landslide area 
accounts for most unstable zones in line with the actual situation of the study area, indicating high 
reliability of the evaluation results which can provide geological basis for the decision-making of relevant 
departments. 
With the construction of the new site and landslide control, Wushan County’s geological conditions are 
constantly changing. Wushan County slope stability evaluation information system has achieved the 
dynamic management of information, providing real-time geological basis for construction units. 
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